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The magnetic, thermal, and magnetocaloric properties of Ni45 Mn43 CrSn11 Heusler
alloy have been investigated using differential scanning calorimetry and magnetization with hydrostatic pressure measurements. A shift in the martensitic transition
temperature (TM ) to higher temperatures was observed with the application of pressure. The application of pressure stabilizes the martensitic state and demonstrated that
pressure can be a parameter used to control and tune the martensitic transition temperature (the temperature where the largest magnetocaloric effect is observed). The
magnetic entropy change significantly decreases from 33 J/kg K to 16 J/kg K under
the application of a hydrostatic pressure of 0.95 GPa. The critical field of the direct
metamagnetic transition increases, whereas the initial susceptibility (dM/dH) in the
low magnetic field region drastically decreases with increasing pressure. The relevant
parameters that affect the magnetocaloric properties are discussed. © 2017 Author(s).
All article content, except where otherwise noted, is licensed under a Creative
Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
https://doi.org/10.1063/1.5005802

INTRODUCTION

The Mn-based Heusler alloys have been of considerable interest for several decades for their
magnetic, half-metallic and many other interesting properties that have potential applications in
microactuators, magnetic sensors, spintronics, and magnetic refrigeration.1–3 They provide an excellent opportunity to vary the martensitic transition temperatures and magnetic states of austenitic
and martensitic phases by changing the composition or doping with different 3d elements. Such
variations strongly influence their properties, including normal and inverse magnetocaloric effects
(MCEs), exchange bias, magnetoresistance, and Hall effects.4–8
Apart from the composition, external parameters such as applied pressure, magnetic field, and
thermo-magnetic history also affect the structural and magnetic properties of these alloys. The external pressure can significantly change the magnetic properties by modifying the electronic structure
which, in turn, affects the magnetocaloric properties.9 Theoretical studies on the pressure influence
on the structure of Ni-Mn-Sn Heusler alloys using first principal calculations shows that the transition temperature should increase with increasing pressure.10 It has been observed that, in Ni-Mn-Sn
Heusler alloys, hydrostatic pressure modifies the Mn-Mn bond length and affects the magnetic properties.11 Also, a large magnetic entropy change and refrigeration capacity has been reported for Co and
Si doped Ni-Mn-Sn Heusler alloys under the application of pressure.12,13 Recently, we have studied
the structural, magnetocaloric, thermomagnetic, and magnetoresistance properties of Ni-Mn-Cr-Sn
Heusler alloys and observed large inverse magnetocaloric effects and giant magnetoresistance as a
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result of Cr doping.14 In this work, we have explored the influence of hydrostatic pressure on the
magnetic and magnetocaloric properties of Ni45 Mn43 CrSn11 .
MATERIALS AND METHODS

A polycrystalline sample of Ni45 Mn43 CrSn11 was prepared by arc-melting in a high-purity
argon atmosphere using high-purity (Ni: 99.9%; Mn, Cr: 99.99%; and Sn: 99.9999%) elements. The
ingot was re-melted four times, subsequently annealed at 850◦ C for 24 hours under vacuum, and
then slowly cooled to room temperature. The magnetic properties were measured at temperatures
ranging from 5-400 K and in magnetic fields up to 5 T using a Quantum Design superconducting
quantum interference device magnetometer (SQUID). The differential scanning calorimetry (DSC)
measurements were carried out employing a Perkin-Elmer DSC 8000 instrument (with the ramp
rate of 20 K/min during heating and cooling) in the temperature range 123-473 K. The latent heat
(L) was estimated from the endothermic peak of the DSC heat flow curves. For the measurements
under hydrostatic pressure, Daphne (7373) oil was used as the pressure-transmitting medium. The
value of the applied pressure was calibrated by measuring the shift of the superconducting transition
temperature of Pb used as reference manometer (TC ≈7.2 K at ambient pressure).15
RESULTS AND DISCUSSION

The temperature-dependent, zero-field-cooling (ZFC) and field-cooling (FC) magnetization
M(T) curves of Ni45 Mn43 CrSn11 at atmospheric pressure and applied pressure P = 0.95 GPa for
a magnetic field change of 100 Oe are shown in Figure 1. Before the ZFC measurement, the sample
was cooled from room temperature to 10 K in zero magnetic field. Ni45 Mn43 CrSn11 alloy is characterized by three phase transition temperatures: Curie temperature of martensitic phase (TCM ), TM / TA ,
and Curie temperature of austenitic phase (TC ), and shows a thermal hysteresis in the magnetization
at TM . The presence of hysteresis and the jump-like change in magnetization at martensitic transition
are typical for martensitic transitions observed in such systems. Also, as shown in Ref. 14, the XRD
pattern for Ni45 Mn43 CrSn11 at room temperature indicates that the sample was in mixed martensitic
and austenitic phases. The hysteresis observed at the martensitic transition increases with the effect
of pressure (see Figure 1). The martensitic transition was found to be extremely sensitive to pressure,
and a shift of about 30 K to higher temperature was detected for P = 0.95 GPa. The application of
pressure shifts the martensitic transition temperature close to room temperature. The magnetic behavior as well as blocking temperature (TB ) was generally not affected by applied pressure. Because the

FIG. 1. ZFC and FC M(T) curves of Ni45 Mn43 CrSn11 at atmospheric and at an applied pressure of P = 0.95 GPa for a
magnetic field change of 100 Oe.
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applied pressure favors the antiferromagnetic (AFM) coupling by decreasing the Mn-Mn separation
and stabilizes martensite phase at higher temperature, martensitic transition temperature increases
under pressure. Hence hydrostatic pressure can be used to control and tune the martensitic transition
temperature (the temperature where the largest the magnetocaloric effect is observed).
The first order nature of the phase transition was also detected in the DSC measurements (see
Figure 2(a)). The well-defined endothermic/exothermic peaks during heating/cooling cycles are the
signature of first-order magnetostructural transition from the low magnetization martensitic state to
the ferromagnetic state. The total change of entropy resulting from the first order transition (FOT) at
zero magnetic field from the DSC curves was estimated from the endothermic peaks of the heat flow
curves using
 Tf
dQ
dT
(1)
∆St =
T −1
dT
Ti
where dQ/dT is the change of heat flow with respect to temperature, and Ti and Tf are the initial and final temperatures of the first order transition on heating, respectively. The latent heat of
the magnetostructural phase transitions and corresponding total entropy changes estimated from
the DSC curves were 15.5 J/g and 39.7 J/(kgK), respectively. These values are similar to those
observed for Ni-Mn-In based Heusler alloys16 and are about two times larger than observed for Ga-

FIG. 2. (a) DSC heat flow curves as a function of temperature for Ni45 Mn43 CrSn11 obtained during cooling (open symbols)
and heating (closed symbols) cycles. (b) Magnetization (M) vs. magnetic field (H) obtained at temperature T=10 K under
applied pressure up to 0.95 GPa.
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based system.17,18 Such a discrepancy can result from the differences in magnetic structure resulting
from different chemical compositions of the alloys, and also from the different type of MCE observed
in Ni2+x Mn1-x Ga alloys.
Figure 2(b) shows the M(H) curves at 10 K obtained under atmospheric and applied pressure
P=0.95 GPa. Magnetization decreases under the effect of pressure. The suppression of the magnetization and the decrease of the unsaturated M(H) curves with pressure may result from a decrease in
the Mn-Mn distance, and is likely related to an increase in antiferromagnetic interactions induced by
a reduction of the crystal cell volume.19,20
Magnetization curves in the vicinity of TM and TC measured with increasing temperature at atmospheric pressure and applied pressure P = 0.95 GPa are shown in Figures 3(a) and 3(b), respectively.
The magnetization isotherms were found to be metamagnetic-like near the martensitic transition and
are characteristic of ferromagnetic-paramagnetic transitions near the Curie temperature. The critical
field of the direct metamagnetic transition increases, whereas the initial susceptibility (dM/dH) in the
low magnetic field region drastically decreases under the application of pressure. Such behavior is
related to the growth of the antiferromagnetic phase induced by the application of pressure.
Magnetic entropy changes, ∆SM (H,T), were estimated using a Maxwell relation from M(H)
curves for magnetic field changes ∆H up to 5 T. ∆SM values calculated for Ni45 Mn43 CrSn11 at
atmospheric pressure and applied pressure P = 0.95 GPa are shown in Figure 4. Inverse MCE values
of 33 and 16 J/kg K for ∆H=5 T were observed in the vicinity of the martensitic transition at
245 K and 270 K for P=0 and P=0.95 GPa, respectively. Thus, the MCE value decreases with
increasing of pressure. For the pressurized sample, an increase in AFM interaction is likely, due to

FIG. 3. Magnetization curves in the vicinity of TM and TC of Ni45 Mn43 CrSn11 measured with increasing temperature at
(a) atmospheric pressure and (b) applied pressure (P) = 0.95 GPa.
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FIG. 4. Magnetic entropy changes (∆SM ) as a function of temperature for Ni45 Mn43 CrSn11 for magnetic field changes up to
5 T at (a) atmospheric pressure and (b) applied pressure P = 0.95 GPa.

the decrease in the Mn-Mn distance which suppresses the total magnetization of the sample and
makes the MST less sharp, resulting a decrease in the magnitude of the magnetic entropy change at
the martensitic transition. The refrigeration capacity (RC) is one useful parameter used to quantify
the MCE properties, and has been calculated by integrating the ∆SM (T, H) curve over the full width
at half maximum using the relation:
 T2
RC =
∆SM (T ) dT
(2)
T1

The maximum RC values at a magnetic field 5 T at ambient pressure were found to be 280 J/kg
and 200 J/kg at TC and TM , respectively. The refrigerant capacity, however, decreased under pressure.
At P= 0.95 GPa, the RC values were found to be 120 J/kg and 140 J/kg at TC and TM , respectively.
The decrease in RC can be correlated with the narrowing of the temperature range i.e., the width of
the ∆SM (T) curve, with increase in pressure.
CONCLUSIONS

In conclusion, we have investigated the magnetic and magnetocaloric properties of
Ni45 Mn43 CrSn11 at atmospheric pressure and hydrostatic pressure P= 0.95 GPa. The martensitic
transition temperature was found to be extremely sensitive to pressure, and a shift of about 30 K to
higher temperature was detected for P = 0.95 GPa. Hydrostatic pressure acts as a parameter to control
and tune the martensitic transition temperature. The magnetic entropy changes at TM significantly
decreases from 33 J/kg K to 16 J/kg K under the application of a hydrostatic pressure of 0.95 GPa.
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The observed results have been explained under the assumption that the applied pressure favors antiferromagnetic (AFM) coupling by decreasing the Mn-Mn separation, stabilizes martensite phase at
higher temperature, and suppresses the total magnetization, and therefore resulting in the decrease in
the magnetic entropy changes.
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